The WASP (Wiskott-Aldrich syndrome protein)/SCAR (suppressor of cAMP receptor) family of adaptor proteins regulate actin polymerization by coupling Rho-family GTPases to the activation of the Arp2/3 complex. SCAR exists within a complex of proteins, including Nap1 (Nck-associated protein 1), PIR121 (p53-inducible mRNA 121), Abi2 (Abl-interactor 2) and HSPC300. This complex was first reported to inhibit SCAR activity, but there is now some controversy over whether the complex is inhibitory or activatory. This complex is currently being studied in a wide range of different systems, and model organisms such as the amoeba Dictyostelium discoideum have been used to remove genetically SCAR complex members to ascertain their specific roles.
Actin polymerization and the WASP (Wiskott-Aldrich syndrome protein)/SCAR (suppressor of cAMP receptor) family
Actin polymerization is required for numerous cell processes involving movement and shape change, such as chemotaxis, cell spreading, phagocytosis and platelet activation. Production of actin filaments underneath the membrane is the driving force for the formation of membrane protrusions and, hence, cell motility. Within this pathway, the Arp2/3 complex is responsible for nucleating new actin filaments at the sides of existing filaments, resulting in a branched array which pushes forward the leading edge of cells [1] . However, Arp2/3 alone is not sufficient to stimulate actin filament production in vivo, and members of the WASP/SCAR family have a crucial role in activating this complex [2] . These adaptor proteins are supposed to couple different signalling molecules, such as Rho-GTPases, to the activation of the Arp2/3 complex, with which they interact through a conserved acidic domain at their C-termini [2] .
The mammalian WASP/SCAR family currently consists of five members: WASP (Wiskott-Aldrich syndrome protein), its more ubiquitously expressed relative N-WASP, and three SCAR (suppressor of cAMP receptor) isoforms (SCAR 1-3), which are also known as WASP/verprolin homologous proteins.
Although related, WASP and SCAR proteins have very different methods of regulation. In its native state, WASP is autoinhibited through an interaction between the N-and C-terminal ends of the protein. This inhibition is relieved by binding of the Rho-GTPase Cdc42 to its GTPase-binding domain, which causes a conformational change in the protein, leaving WASP active [3] .
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SCAR regulation, however, has proved to be very different; it is active in its native state [2] , and it contains no GTPasebinding domain. SCAR has been linked to the RhoGTPase Rac [4] , but no direct binding has been found, opening the question as to how SCAR is contacted by RhoGTPases and regulated within the cell. A landmark paper began to answer these queries when it linked SCAR to a heteropentameric complex, which was believed to hold SCAR inactive within the cell and facilitate its interaction with Rac [5] .
SCAR interactors: complex proteins
The SCAR complex contains four other members: PIR121 (p53-inducible mRNA 121), Nap1 (Nck-associated protein 1), Abi2 (Abl-interactor 2) and HSPC300 [5] . All of these proteins have been linked to the cytoskeleton in previous studies and, importantly, PIR121 has been shown to bind to Rac [6] . It was originally proposed that SCAR is held inactive within this protein complex, and binding of Rac to PIR121 caused dissociation of the complex, releasing active SCAR [5] .
Since this initial research, a number of (often contradictory) studies involving RNAi (RNA interference) or genetic disruption of the complex members have followed, raising more questions about the functioning of this complex.
The gene encoding PIR121 has been disrupted in Dictyostelium discoideum, which contains highly conserved homologues of SCAR and all the complex members. The resulting PIR121 null mutants are extremely large, contain an exceptionally high proportion of F-actin and extend protrusions at an uncontrolled rate all over their surface [7] . This suggests an inhibitory role of PIR121 in SCAR regulation. Furthermore, analysis of the PIR121 null mutant has also revealed post-translational degradation of SCAR, which has also been demonstrated in several other studies after disruption of a complex member [8, 9] , and may mean that proteolysis has an important role limiting SCAR activity in vivo [7] . In contrast, recent studies in Drosophila S2 cells, using RNAi to disrupt complex members, have given a different set of phenotypes, resulting in a SCAR null-like phenotype when either Abi2, PIR121 or Nap1 is removed [8, 10] . It was concluded in these studies that SCAR degradation upon removal of a complex member was responsible for the phenotype. It is reasonable to speculate that slight differences in the rate of breakdown or turnover of SCAR cause the differences in phenotype between organisms.
Mammalian studies of the SCAR complex are now also beginning to emerge and two recent studies, using RNAi to disrupt complex members in fibroblast cultures, have put forward a model contradicting earlier reports. These reports suggest that all the complex members are needed for SCAR activity, and that the complex functions as a macromolecular assembly which is recruited to the membrane in its entirety by Rac, and does not dissociate [9, 11] .
Location, location, location
With so many conflicting reports, it is difficult to integrate the entirety of the data currently being produced in the field of SCAR regulation.
As SCAR is active in its native state [2] , the need for other proteins to activate it seems unlikely; in all studies proposing a positive regulatory role for all complex members SCAR activity is always very high, even under unstimulated conditions. This is in great contrast with WASP, which has essentially no activity in the absence of positive activators. Therefore, it seems reasonable to assume that some or all of the complex members are involved in the localization of active SCAR. Our laboratory has recently created a Nap1 null mutant in Dictyostelium, which in contrast with the PIR121 null mutant in the same strain, has a SCAR null phenotype. This clearly demonstrates within the same organism that different complex members have different roles within the complex. We suggest that PIR121 is important for the regulation of the complex, probably through contact with Rac, whereas Nap1, and possibly other complex members, are crucial for the localization of the complex.
